AO 



.19) 



JEuropaisches Patentamt 



Office europeen des brevets 



ill III I 
ml ill ii 

EP0 203 799 B1 



(12) 
(45) 



EUROPEAN PATENT SPECIFICATION 



Date of p'joiicat;cn and mention 
of the grant of trie patent: 
07.08.1996 Bulletin 1996/32 



(51) mtci s C08F 210/02. C08F 232/08, 
C08F 255/02, C08F 277/00 



(21) Application number- 86303969.9 

(22) Dated filing: 23.05.1986 



(54) Random copolymer and process for production thereof 

Statistisches Copolymer und Verfahren zu dessen Herstellung 
Ccpolymere statistique et son precede de production 



(34) 
(30) 



(43) 

(50) 
(73) 



Designated Contracting States: 
DE FR GB IT NL 

Priority: 24.05.1985 JP 110545/85 

23.05.1985 JP 113074/85 

30.07.1985 JP 165895/85 

25.04.1936 JP 95905/86 

26.04.1936 JP 95906/86 

Date of puci;ca::cn c f application: 
03.12.1985 Bulletin 1986/49 

Divisional apolicaticr: 91202054.2 

-rconetcr MITSUI PETROCHEMICAL 
INDUSTRIES, LTD. 
Tokyo 100 (JP) 



(72) inventors: 

• Minami, Syuji 

Ohtake-shi Hiroshima-ken (JP) 

• Kajiura, Hirokazu 
Ohtake-shi Hiroshima-ken (JP) 

• Oda. Hidekuni 

Iwakuni-shi Yamaguchi-ken (JP) 

• Yamaguchi, Hideaki 
Iwakuni-shi Yamaguchi-ken (JP) 

(74) Representative: Cresswell, Thomas Anthony et a! 
J. A. KEMP & CO. 
14 South Square 
Gray's Inn 

London WC1R 5LX (G3) 



References cited: 
EP-A- 0 156 464 



[ U 



us- 



4S4 397 



CD 

CD 
CD 
N- 

CO 

o 
eg 

o 

CL 
LJJ 



Note: Within nine months from the publication of the mention cf :ne grant cf the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of cppcs;;icn shall be filea ;n 
a written reasoned statement, it shall not be deemed to have been filed until the opposition fee has been paid. (Art 
99{1) European Patent Ccnvention) 



EP 0 203 799 B1 



Description 



This invention relates :o a novel rar.com cccctvmer carrm*-~n a . i±** t 
lymer.zed unit, free-, a cyclcolefin as monomers ^ ^^S^^T'T """" e ' hylene "* 
a cyc:co.ef,n „p. random copolymer hav.ng excelled ^S" ~ K^a " IS ^ " ' elates t0 

ical resistance, solvent resistar.ee. dielectric crccemes a-e -Pr'ar'vai S ' anc ~ hea ' a S irl S resistance, chem- 
astr.fcut.cn. -ec.an.cal properties anc a narrow molecular we.gh: 

Polycarbonate, cciyfmethy! methacn/late) ana pclyfethylene ^reoh'-ala^i pro •-,-...,„ , . ■ 
excellent transparency The oclycartona.e res.n has ex-eller - a ^fj^ 3,8 ' cwnas ^ns having 

strength as WS I. as excellent transoarency, but nave the -efe~ ^-cc'r ^ ^'^ feSiStanC8 an(S 

=V ---S a*a.,s PciyCmemy, met.acrv.ate) has the d ele ^ ,T«" =^ e o a--^* T? " * aKac: <* 
to.^ene ,s swollen ,n etr.er anc has :cw h-at res^anc- =-,^ " 0 6 auaC< by e,hyl aceta!e - «etcne and 
-e=,anca, prcpen.es out nas tne detect" os ess " g ^ S^* 6 haSeXCelte "' heat and 
ceot.p.e to nycroiysis * r - s '" ar ^ e <° strong ac:cs or alkalis and cf oe.ng SLS - 

Many ociyoiet.r.s -.veil known as general-choose r°sns havo 0 v» 0 ii on . ■ 

and .-r.ecnamoa. orccert.es. cut nave peer neat res.s-ar- : f6S,S{anCe - SOivem ^stance 

are orystaHine. Tne transparency of colyolef.ns .s seneraV^e-v^ trans = arenc y *«*use they 
structure fine, or oy performing =,encLc to stco tne =S " ^ - - * V™"™**"*™ 

,x= 8i! ent P rcpe«,es =1 the oo.yCefins. Furore \£t.^V~nX * * ^ " * e 

-V » -*uce neat res.star.ee or r.g.d.ty w, h aVee^n^r ^ ^ " ' S alS0 

^S«r^ "TzTr^Z r /WefS haV '" S S ~ .V coco- 

' ,L r a ~ ' ^ b " atcni 2 ' 23J ^ 72 -scioses a copolymer cf ethylene with 2 3-ohv- 

-w«.w,...c J en l ac.er.e ( r.is copolymer r.as a wcil balanceo* ccps^a-i-" - f nni^-w a „ . a ' ; 

■ ^ - q -> -i „ . , ^rTi^.a.iw.. rigic^y arc' transoarency but low hea 1 m. 

.oi3.. w g -a jp.o.v.. cy .15 glass 'rans;':cn 'orr.pera'ijrs of aocut "CC'C 

Jaoar.cso =a:en: Puoi-aJicn No. u.9:0/i97; discloses ? -r.-c^ss 'n^ .rr,,.^, a H 
-■/ o ..o- rooreser.ieo oy :r.e loilcwmg Icrrr.ui.a ;a: ' " b 




— (a) 



•sr.yzrzzer, z' a 'c.ver ai<yi crouo. v;n;ch con 



~ S . 5 ^ S '5Cr9S5r r3 '" 



cy :rse foiicwino .'cr.T 



:nsescc:yme:.2:nga l.-.5. = -cimethar.o-;. 2.3.-^2.5 



c.=a-* 




— (b) 



e:r - is as zz:~.ez acove 
r c: \v:;h = :y:!;c cef;n seiectea ■rc.r^ s;yrer 
-c:s or ;ne neciene and cyc.coeniene in the 
; rr,e:ai s^cn as njxr.er.^rr, as a cataiysi. 



?. cC9P.50r!" Vie 1 "? 

rsser.ce 



cyc:o- : v 2 
aiccr.oi as a r=ou; 



:r,ec;er,e-2. aiky'-substU'jtso 
:ng ager,; usinc a r.aiiOe cf a 



• -o. .o- cr co-ooivrr-ers cc^or:s:rc the * 4 5 c-^imei^ro.' o i ^ 

--de or -onomers anc .-retneds tor paction the^ ^ a ^ 3 :. s l:: o V; = a -« !a -/=^ a ^^en e as oar. or tne 

J^!!"; n S T'° SeS " !heSS P "° r 8rt d ° CUmemS are ""S^Veneei.^s^av.ng 0 P o1ymeri 2 ed S unS'r»su'..rQ 
;^r 5 ° mCn0n,S ' S 35 r ' ,he P 0i ^ er:2ed presented ^ formula , a) . As can b» und, 
'•Psa . a,t r 7r" CCSne ; ; PC,ymSr 5 S!rUCtUra " y ^ araC IenZ9d by tne ,act [hal ««« polymer cha con - 
:n res s Sr^ " 2603089 °' ^ °' ^ -V '^age. these po'ly^r havT P oo h^ 
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All ol the polymers described in the above prior an documents an inn^r om h . 
sc,ss,on of a monomer. U. S. Paten.s 3.330.815 and 3 494 B^ ln I ''T^ " PC ' ymerS 0blai ' ,ed "V t.le nn= 
Edition, volume 12. 1607-1616 (1974) describe polymers ol the Ln^ oh^'"" h s ' ^ /rt *' SC ' enCe: P °' ynier ? "V S '« 
monomer w^yhe nng session o, , h . bicycfoheUene JJZ 7^2^ °' ^ ***** *™ « a 

U. S. Patent 3.330.81 , d,sc.oses that a polymer comprising polymenzed units o, the foliowing formula ,c, 



— (C) 




or the substitution product thereof is obtained fro 



■ bicyci=; 2 .2.1]hept.2-ene -2-ene of the following formula it) 




— (d) 



or tts sudsMuiicn prcduci 

L ! . S. Patent 3.494.597 ciiscicses a prccess for 



represented by L.Tfo^ng fcrrn^a °' W " n a bi =V=!o(2.2. 1 J-nept- 




(e) 




i.i J -°.0 : "j-4.oocecene 



— (f) 

of the cooo*™ of .amp, 44 
* e ^™ -tans PO.ymeri.ed un£ liti^SS?^^ ™ ™ «* 

3.494.397 does not a> all describe specific** coooiymers of J° ' te,raCyCl0CO = s:ene ' <-»• S Pate,: 

cyclofS.2.l.:3.*.02..].4-c!oc!ecene of formula (f). ' ' tetracyciooodecenes otherthan the tetra- 

Journal o! Polymer Science: Polymer Physics Edition, volume 12 i** iei = r-o 7 ^ ■ 
y.ene and norbornene der.vat.ves having cvnamic me-nanica' - , 7 ' ' 9 1 CISC!oses copolymers c! e:rv 

of etnyiene con,a,nin ; i ™ie«, of polymerized ^I^£?2£^ °' *• ** um ™ — a "Polymer 

a ^^:;rs;^on =r:;s:; i^™ - ,he - = f ™- 

nature and have poor heat res.stance and mechanical orcpenies '"^ eXh ' b ' ! S rubbe ^ 

U S. Pater.; Aopiicaticn Serial No. 695 iSi Furcaesn i =,h ^~ 
ranaom c= ? o,ymer composed of ethylene a ! 4 ^f 0 ' _*>P te «*" *° discloses a 

ally an afoha-olefin having at leas: 3 canon a^Va'cvc'c^ - ^'^^ ^^^'^^"^^iene and option- 
:ne 1 .4.5.5-dimetha.no-l .2 3 4 4a - = =a-c-a nv-on--h' . ,ne mole r5!, ° of Polymenzec un,:s from 

5 anc the 1 .4.5.5-d,metnano-1 2 s'cTa 5 = "a ':=^ hlhalene 10 Polymerized units from ethylene ,s from 3.97 to 95 
enzea units witnouf ring-o Pe n!n g . - Aa - S - sa ^ a "^naphthalene is incorporated in tne polymer cha.n as poiym- 

The specification of U. S. Paten; No 2.5=3 372 discloses a no „ , 

roti.cyciopenia=.ene having the following formula "or,..^ SO |, c copolymer of ethylene and 2.3-bmyd- 
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2S£^irsir — - « • •* - *. 

The present invention seeks to 



gcaoable m being compression™.^ 



-^-chemica, resistance, soi^ h , 

Mccorcingry the present invention 

m pemes and mechanical properties 



yy ii ie present invention Drovides a 

wn,cn ,s transoaren, and is character.zedTtna, ^ C ° POlym 

(A) the copolymer comprises polymerized uni, e i,„ 

^presentee by , he (cl ,ow,ng ,0,^(1) '* e,hylene a "= Polymerized 



eat a: 



units ol at least one cyclccie! 




— (I) 



wherein fii.H2.n3. R> ps R 6 R 7 fln „ne *" " 

represents a hydrogen atom, a halooen atom or * hwH« !' d R are '°'entical or difiere- anr , 




in wicri R n and R^a-e iden— lorcr 




— (id 



^e.;e,n all symbols areas defined above 

/c> y - P errr ieaiion cnroTiatoaranhv nf 

ea.u. ea oy a uynamrc Mechanical 

Um a,oms 10 atoms m the reaction 
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system, AI:V. at 2 or more: i. 

The present tnvention additionally provides a process for preparing a rrodi'i^ rar ,v ^ ^ . 

The present invention further proviaes molded articles prepared from a random copolymer as defined above c- 
f rorsa moated ranaom copolymer prepared by a process as defined above 

a ^-nn*n L-uh u ' ' ' identical or different, and each represents a hydrooen atcr- 

a ..a.ogen atom or a hydrocarbon croup navno 1 to 10 carbon at™^* u . . y uyen aiCrr '' 

atov ; Xamp!eS 01 hal09en a,0m an °" ,he "y° rac2r °°" group represented by tfand R 10 are the same as .hose give. 
The integer n is preferably 1 or 2. 
Examcles of tne cyclooiefin of formula (i) include 

: .4,5.£-c:memano.i .2.3.4.4a.5.5.5a-cciahydrcnaphthaiene. 
2.methyl-i,4,5.5-dimethano-i.2.3.4.4a,5.S.ea-octahydronaphthalene 
2-ethyl-i. 4,5,5-dimemano-l. 2.3.4.4a.5 .S.Ba-ociahydrcnaohihalene 

2-prooyi-V4.5.5-cimeihano-l,2.3 [ 4.4£.5,3.Ba-ociahydronaphthalene 

2-hexyi-i.4.5,5-cimetnano-l,2.3.4.4a.5.S.Sa-octahydronaDhthalene ' 
2-steary!-V4.5.S-cirrie^^ 

2.3-dime:n / t-i.4.5.5-cimethano-i > 2.3 4,4a.-5.£.aa-octanydronaphthalene 
2-me!hyl-3-ethyi--,4.5,£-cimetr l ano-l.2.3.4,4a.5.3.£a-octahyd^ 
2-chioro-- A5.=.dime!hano-i .2.3 .4.4 £ .5.B.Sa-oc:ahyaronaohthalene 
2-oromo-V4.5.8-Cimethano-i.2 ( 3 ) 4.4£.5 ( S.aa-octahydrcnapnthalene 
2-fiuoro-i.4,5.£-cimethar 1 o-i.2.3.4.4a.5.5 1 Sa-oc:ahydronaphthalene ' 

2.3-dichicro-i,43.8-d 1 methano-i.2.3 4.4a,-5=.5a-octahycronaDnmalene 
^ycicr.exyi-i.3.5.£.<:^^^ 

^-n-outy!-* AS.EjCimeihano-i .2.3.4.4a.5.S.Sa-oc:ahydronaphtnalene. 
2-!Soouty!-i.4.£.=.d;me:^ano-:.2.3.4 4 £ ,5,5.5a-octahycrcnaphtha!ene 
S.'O-dimemylteiracycioU^.O.iS-S^.'Cj-S-dodecene. 
2. i C-dimeiny!!et:acyc!c(4,4.C. 1 2-5. i 'K; .3-dodecene.' 
• 1,1 2-d:v;ethyltet:acyc ic;4,4.0, 1 2 - 5 , 1 7 - l0 ]-3-docecene. 

2.7.9- tnme;ny!te;racyc!o[4,4.0.T 3 - 5 , V- :: ]-3-docecene, 
9-etnyi-2.7-atme;nyltetracycicf4,4,0. : 2 £ . 1 7 - 10 j-3-dodecene. 
r _ iSGb , j!yl-2,7*c:metriyltetracycio-|4.4 i 0. 1 2 ^, -j -• 1 ^]-3-coc : ecene, 

2-Uimetr,y!:etracyc!o.;4.4,C, 1 2-5, ; r.: 0]-3-c" C oecene 

9- e!hy(-r 1 .i2-c:me:hyltetracyc!o!4.4.0.'-2.5 < v iOj-3-oocecene. 
S-isoDuiyi-li.i2ometnyl-3^^ 

5.=.S.lO-ie:rame!r.yltetracycTo[4.4.o. I 2 £ . i 7 - 1 -] -3-dodece.ne 
hexacyclofS. 5. i . l 5-6. 1 i°^.0 2 - 7 .0 9 -j-4-riep:aaecene. 
i2-methyihexacycio[6.5. i.i 3 - s .1 10;: .0 2 - 7 .0 9 l4 j-4-hec;acecene 
" 2-ethylhexacycto:5.5. 1 ; - 6 . 1 1 o.^.0 3 - 7 ,0* ' -j-4-hectadecene. 
l2^scbuty!hexacy:io;6.5.l.^^i 1 o *=,C- 2 7 0 9 - 1 v^heptaaecene 

1.5.1 0- trimethy I- 1 2-isobutylnexacyclo[6.5. l , 1 3 - 5 . 1 1 o.i 3 0 27 O 9 ^ 1 4 j-4-heDtaae^ene 
cctacyclo[£.£,i2.9 ^.r^ii.io^ia.iso.o-, 0i2^j. 5 . dococe ; e - ' 

10- methyloc;acycic;£.£,i 29 ,i 4 - 7 .i ll1£ . i^ ^. o.O 3 - 6 0 l2 l7 )-5-coc^ene 

: .--c:me:"yipeniacycio[5.5, 1 , 1 3 ^0 2 - 7 .0 ? - ^j-s-hexaaecene, 

i .5-oimethyipen;acycio[6.5. i , 1 3 S .0 2 - 7 C 5 14 ]-4-hexadecene. 

1 5. l5-dimetnylpentacyc!c[5.6. 1 . 1 3 - 6 .0 2 - 7 ,0 9 - 14 ]-4.hexatiece.ne 

pentacyc!o[5.5,i.i3-6 ( 0 2 - 7 .0 9 - 13 ]-4-peniaoecene. 

i .3-dimethytpentacycto[6.5. 1 , 1 3 - s .0 2 - 7 .0 s - 1 3 j-4-pentadecene, 

1 .5-dimethyipen:acyclo[6.5, 1 , 1 3 ' 6 .0 27 ,0 5 1 3 J-4-pentadecene. 
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20 



30 



"J.15-dimeihylp e niacyclo[6.5.l. 13.6 ^ 0 9. 13 , 4 nont=H 
Pen 1 ac y clo [ 6.6. 1 . 1 «o2.7 0 9,, ] . 4 . hexade ^-P^'^ecene, 

hept a cyclc[6.7. 18.9 ,4.7 , „ .,7 o 0 3.8 0W.16, 5 eim. 

P^. w ^s.e.i»-,.., 1 «.„ 0 . oaL .; 0 „. l7 ^.^SJ = - 

oWin. by ,,e D,e,. A ,d er ^ > " ™™ by con.ens.ng cycfopen.adienes w , lhe co 

Accorcin 3 rotr,e D roce«nffh ■ corresponds = 

Compounds having a! leas: on e Ai-H.w 3 * V0(0 * n - 

as a eaa*s: =o^, " «* — be used as the _ _ 

(0 ofgancalura^-ra compounds of formula 

-.ner-— AI(0?,, Vp X o 
. ere!n -■- a .-; = are jden , jca| or c , (( " " 

a.ms. pre!era:}!y . , 0 4 cafbon a represen ; e a a ;:.::^ eSen ' S 3 hydrccart3 ° n Sroup navinc i , D , , carb „ p 

, ; c=^^~Sr;;t2 0f G _ , . .. y <3 ' ano ' q ,s a — — 

' °' "' S 2er ' 0C!: Iable anci aluminum of formula 

%r ' efein iS U Na or K - — ■ R,£ « as defined above 

Examples =, t.,e ^canca^m co TOOunfls (i) 2re ^ c . . . 

RlfAlfCR 1 *, 

m ' 3 • m 

o-c'e^C - a '~" R " a ' e SS de?,n9d ab=ve and m , s 
- -e.a-,/ c numoer representee bv 1 5s,m^3 co ~r- 

. -_m = . 3 , compcuncs of formula 

P^AIX, ^ 

cT^orfa-'! -ff f ^ X is ^en such as 

a-. ...s=refe.-ao, y c<m<3.c=mpoun=s of formula 

— ,n r» iS as def , ned a . m Dre(era ; A ^ 

R „ AlfOR ) x 

- - - - — — * * — - : * e, „ , ^ M 0£q<3 

a-etnyl alum.num e.hox.de and d.buiyl alum.num bu- 
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d.e.hy alum.num brom.de. alkyl a.um,num sesquiha.ides such as ethyl aluminum sesquichloride bu.yll2uJ S6 V 
a.u,ch,or,ce and e.hy, alum.num sesquibrom.de. and alkyl aluminum diha.ides such as ethy. alum.num d cto^e pre- 
alum.num cch.orice and butyl aluminum dibrom.de: carnally hydrogenated alky, aluminums, lor example d^M a"" 
m.nun, hycrioes such as diethyl a.uminum hydr.de and dibuty, alum.num hydr.de. and alky, aluminum dfhydr des su-"" 
a, ethy, a.uminum d.nydr.de and propy. a.um.num dihydr.de; and pan.al.y alkylated and halogenated alky, a nu~ 
sue-, as e.ny I alum.num etnoxychlor.de. butyl aluminum bu.oxychloride and ethyl alum.num aluminum e<Ll7Z 
As comoounes s,m„ar to (,). organoa.um.num compounds having at least two aluminums bonded througn an oxy- 
or n.trogen atom may also be used. Examples of such compounds are (C 2 H s ) 2 AIOA.(C 2 H-) 2 (C H o) AOAIIC rf "' 
and (C 2 H s )jAINAI(C 2 H 5 ) 2 . 2 5/2 y 2 ^ n S>)2 A -- w (W p 's, : 

Examples of the compounds (ii) are LiAI(C 2 H 5 ). ano LiAl,'C-H, s ). 

Among these, the aikyl alum.num hal.des. alkyl aluminum dihalides and mixtures of these are esoee.ally prefe— 
tne ccroiymerizat.on react.on ,n accordance with the process of th,s mention is earned out'.r a hydrc-a'--"- 
Z'Z T ampieS T* S0 ' V<n ' ,nC,Ui!8 a " =hat,C h V*<"*™* ^in S 5 to 1 5 caroon atoms such as pentane nexa- 
" :1 " h C:ar ; e k6r0Sene: al:CyC " C hySfCCareofts havm 5 5«o^5 caroon atoms such as cyc.o 3 e.,tane. evetohexa- 
an. me.nyicvc.onexane: ano aromatic hydrocarbons hav.ng 6 to 1 5 carbon atoms such as benzene, toluene ano xvi 
; nese soive.~.:s may =e used singly or in combination. * 

,n tne recess of tn.s .nvenuon. the cppo.ymer.zat.cr. reason is earned cut cont.nuously. During the react.on : «. 
r^oof.i.minum atoms to vanad.um atoms. AI:V. „ n,ain,a.nec at 2 or more: t. preferably 2to 50:!. es^c.ailypreferac^- 

The sc!,=!e vanad.um compound and the orgaroaium.nu.m compound are fed to the react.on system usually sr-- 
oi.u.icn w.n tne hycrocarocn medium. The concentration of the vanad.um comoouno to be fed to the polymeriza"-- 
reason system ,s usually no. more than 10 times, preferably 7 t= 1 t.mes. more oreferabiy 5 to i times mat 

L S r4''?f" reaC:: ° n , SyS!em - 00 ,he o!he ' hand ' orcanoaluminum compound may be fed to the polymeriza," 

sys.em a..e: ,s concentrat.cn ,s adiusted to no. more than 50 t.mes that in the oolymerizat.cn svstem in the 

« .nvennon. tne concentration of tne soluble vanad.um compound in the copp.vmer.2at.on react.cn syste^ 

i;Ve^n t:^Zt ^ 0 ! ° 3 S^ 0 ^- as vanadium atoms. ,n the process c. tr,s" 

,nye "' Un ~ P '°" U -"S ,he cycloolefin ™«™ copolymer, ihe-copoiymenzation react.on may be carr.ee o-t ir - 
ccpresence c, a, electron donor ,n tne poiymerizat.cn reaction system in addition to tne soluble vanaoium -orrocu-"- 
e :- :ne or ? s "= a ' um ™ m compound as cataiyst .ngred.ents. Examples of the electron donor induce oxva-n^va.-" 
e,=c.r=r, ccnors such as alcohols, phenols, ketones, aldehydes, carocxyi.e ac.es. esters of oroanor aces or ■norca- - 
a., s. einers. acip amices, ac.c annydr.des and alkcxysilanes. arc nitrcgen-contam.nc electron donors such asa'-- 
aTO ,S ^ y8na,eS - The "P<*y™'ization reason is carr.ee out usJafry at -50 to 1 00»C prelerab- 
, " T ' ' "? pre ' sraD,y 10 =°° C - 1 2vsre Se residence time in the copclymerization reaction differs depend.- 

''V- =i ?0iy T er,Zal,on r7,alcr,aL ,he concentrations c! tne catalyst comoonents. anc the ooivmenza-.o- 
.t:,:!';;: JS:JS y !> !S 5 m ' nU ' eS 10 = h0urs - 0re,erably 10 ™*es * 3 hours Tne pressure c,rmg the copolv^e-'- 
,2a -- re= - ; " ,s ' JSJSlly R10re ,nan 0 10 50 k S'cn=. preleraoty more .nan 0 to 20 ko/cm- I! desire- r ,s -a-ie-c •• 

; e :; = : e ' s :;;; ; f ,neR 925 su f as n,,rosen or To ==™° ! *• ™>l* of . he coroner. 3 "^12 ■ 

at:';; 0 ::: 2 ' " 5 eSen! SUCn 88 hya '° 9en may be ?resen! - system. The oolymer.zat.on reaction mixture 

Scl'eT 7 ™ nZ *'°* 15 ,rea! " " a:C ° :SanCe W " n C ° nVenUOnai rrielh0 = s 10 '^ tes.res cyc.oole.m ran^ 

„ ..J T' 9 To 0 C? e!hy ' enecycl00lehr ' ,e = 10 «^ copoiymer,zai,on reaction system ,n the process ol m,s mventic- 
is usually from 99:1 to 1:99. preferably S=. 2 to 2:95. mvenn^. . 

r-J^™?:™ !S C=?0lymeriZeS wi:n e! "'/' ene As reouireo. another copolymer.^ unsaturatoe 

::: C °T!: : 8 65 ^ ,rrSa ' r She C ° iec:S °' tr,e ^ ven "= n ,or sample .n an amount of 50 mo.-, 

rit^f'f ^° ,e% - =! 8es 0n ,he ethyle ' ,e uniIS '« *e copolymer may be copo.ymer.zed ,n adct.on ,c these 
ha Z ^ 3 ' ^7 nenIS - Spe£i " C " am? ' eS 01 * he ° !her "Potable unsaturated monomer .nc.ude alshaolehns 
having 3 . 0 2, caroon atoms such as propylene, l-butene. ,-me.hy,-i -pentene. t-hexene. -,oc.ene. 1-oecene , ^- 

r^. 8 n-n. ' * m -' e ' 6 ethylenS Un " S ihe feSu!!,n 5 ,anaom ^ ym or. and cycloo.efms such as cv^ 
.'u-a"^;:.« ^'^"i' ;; meihyicyc,ohexene ' cyciooctene. 3a.5.5.7a..e.rah y dro-4,7.me.hano.lH.,ndene. noncor, 
I-! 1 1 - ^ 1 - 4 " nexaaiene ' ^^.hyl-l^.nexad.ene. S-methy-t.^hexadiene. L7.octao.ene. dicyclopen- 

M^T^V * Zr 7? 5 - vny| - 2 - nor5orn ^e. and noroornenes such as norbornene-2, S-methyinor- 
vlno Z 3 -^ nylnO ; 0Ornene - 2 ' 5-sopropy.norbornene.2. S-n-bulyhorbornene*. S-i.butylnorbornene-2 5 S-dimeth- 
ylnorpornene-2. 5<ntoronor&omene-2. 2-fluoronoroornene-2. ano 5.6-dchloronorbornene-2 

' ae c °P 0, y™"a«'0" r eac.,on in accoroance with th.s invent.on can be acvan.ageousiy carr.eo out by cont.nuously 
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feeding ethy.eneMhe cyciootofin and optionally .he other copolymerizabie comoonen, « ma-eri^ to be po.vmer„ c 
Zn nt Z ^ °'9anoalum,num compound as cata.yst components, and the hydSZ rn" 

" ^ ^ COn, ' nU0USly W,lhdraW,n9 - P0 ' y — — — ««" - P 

=, s; :™:: r^ p ^^r ,wn - 8 random copo,ymer ^ a — — 

The resulwng copolymer solu.ion continuously w.thbrawn from the Dolymerizat.cn reaction system ,s a hydrccar- 
mecum so.ut.cn cf the random copolymer. The concentta.cn of the random copolymer ,n the resin 0^ 
so , on :s usual-y 2.0 to 20 0% oy we.cnt. P re,eraoiy 2.0 to lM % by weigh:. Ccntactinc the result.ng So !" 
sau.cn v,:, a ke.one or atecno. g.ves a prec.prtate ol the random copolymer. The orec.p.tate ,s separated by su~ 
seoarat.ng means as liitra.icn or centrical separate to c.ve the rancom copolymer of this inver.ion The orojor - 
cf :ne ketone c: aconol used ,s ,sua„y 200 to ,.000 pans by weigh,, preterabiy 300 to 500 pans by wei nt oe ° -. ~ 
pans oy we.gnt cf tne resumnc , copolymer solut.on. Examples of the ketones are those having 3 to 7 carbon ate- 
suc, as c ,e.=ne. me.hyl e.nvl ketone, d.e.nyl ketone, methyl isobuty! ketone, dioropy. ketone and acetytace-one => 
=mp!es ct tne aiconols are alcohols havng i to 4 carbon atoms SUC h as methanol e.hanol. prccano. iso^San"- 
- i " a " 0 '- *<"-°'f™ aP " C !en - bu:an °'- The <e;cnes Cf steohote may contain a small amount of water The use V 
fr " X,ure C ' '' ne k6ICnS ° r alcoho1 Wl,h usually 0 • ! = 10 ^ we !S .r, preferably i to 5°/. by weigh: of water is su.ta- 
s.n = e :t gives a copolymer powder havr.c low contents of .he unreacted cyclcoleSn monomer and a low-mole-ula'- 
V,e "-'" pC y ~ er e ~ Z " :5n =U,K CenS " y Ccniactln 9 of the resulting copolymer solution with the ketone or alcohol 
^ ofrieC ° U: W ' m S!!rf:r ' S 31 3 ,empera,ure o! usua "y 0 10 1GC °- Preferably 10 to 70°C. esoecally preferably a. a te- 
: 32r !" e =C ":, S P0,n! ° f tne kel0ne or alc3n °' Thls 15 e«ec«ed by us.ng a vesse.-type m.xer havinr, ag.ta.,- 
va.. es su r . as .urome b.aoes anc comb blades. The rotating speed cf .he blades ,s usually 200 to 2.000 rpm.preferat: 

. . Asa fS$uii 01 !he f !Ser ' Sfea,nem describec! a0ove - Ine ™c-om copolymer ,s precipitated usually in powder to- 
iZ ' C ™ 2 Sysaensic " 1 fte suspeRS:on cor ' taini "S «he copolymer ,s separated into the copolymer and .he mother i.c 
=y sucn a secara.mg means as cen.nlugat.on or duration. The separated copolymer is further ex.ractec with a kete- 
■.= give a ra-.=c~. copolymer hav:ng low contents of .he unreacted cycloolefin monomer an= a low^oi-cular-wer- 
::T^: " ar:0 '' V W6!Sn: c:s;r! - J!l0n 8 naff ° w compos.:.on dtstnsui.cn. and a h.gh glass transition temoe- 

j,i I "."T °: ine KeI ° ne US ° d ' a ihe eXlraC "° n ,s such :ha! lhe concentration of .ne copolymer ,n .he ketc.i- 
,' S : SuaHy - ,0 ,u0 s/ " Ier ' prefcrail >' 30 :o 50 9^«er. The temperature a. wh.ch the cooolvmer is contacted w..h if. 
.-.e.cne ,s usually "C to 55' C. preferably IS to SO'C. The contacting treatment between the copolymer and .he ke.on- 
^s,., y carreo cut vv.tr, s.irr.ng us.ng. for example, a vessel-type mixer havmg agi.at.nc blades such as turpine blade* 
=... -wm. -.:a:ing speed cl tne places at mis time is usually SO to 400 rom. preferapiv 100 to 200 r— 

; ;a:!.ng , s usually ; to S hours preferasly 2 to 5 hours Examples cf tne ketone mav bell-.-- 

" !nr'hn '.fl.rtnAin.ft™ U,iu. . _ * ~ 



~e \:rr\e reiuirec for cc 



- a - es ' ns fc:a,!nc spee= cl !ae olaCcs s! 5"«e is usually SO to 400 rom. preferapiv 100 to 200 rp,- 
a „ .. , ? !S ' JSUSIIy ' 10 5 hours preferapiv 2 to 5 hours Examples cf tne ketone mav beW 

- as .-.cse exemr ::,ie: for .no ketone usee for the prec.pitat.on treatment. The copolymer wmch has been contact 
' ne KS::nE rr ' Sy 20 sop8fa,ed by seoara " n S means such as centrifugat.on or filtration. As required the seoarate" 
c.cyme: :s .urtner v.asned w.;n the ketone. The washing conc.t.ons may be lhe same as the ketone con.actir.c 



escrsoed aocve. 



- I::""" T Z ^:?' !n ' S nvem,cn obia,ne:! Sy ,he £ -= ve a'ter treatment usually has a bulk de.is.iv of 0 0= 
8f8=,y - • ;= ° ans ,s easy ;c nandle a: ™ »™ cf molding. Pumermore. s.nce .he copolymer of 'h- 
....e... .. . e s ,cw extents cf tne unreacted cycloolef.n mencmer and a low-molecuiar-weight polymer, optical mate- 

cc.ica; memory c.scs. mcideo from ,: perm,; recucon of no.se caused by, lor example, reflection 

r . ?*™*Z™?T 5 ' V6S 2 T*" C0Mlymer Wn;:n me m0le r3ti0 01 »olymer«ed cycloolef.n of lormuis 
i... -...s ,o ...ymeri^ep etnylene units is from 3:97 to SO iO. preferapiv from 5 =5 to 50 50 

=,? '™J*^Z<-^QMc inVenI: °"' aR IR!nnSiC V ' SC0S:,y inl ' mGasure = ae«. : r. a. 1 35»C. ol CO: to 2C 



.:„--• :?^ e ; °' in,S !r ' Ven '"° n has a ^'e=-ar weigh, d.s.r.but.on (Mw/.Vn). measured ov ael pe.-meatic- 

;: = - ■■ more !nan £ - preieraBl y "« ^-ore than 3 5. especially preferably no; more than 3 The 

::;;-'' XSr C: . :n ' S ' nVemi0n ,S cf,afa « er,zeo ' ln IRa: ™>^r we.cr.t d,s.r.but,on , S narrow. This mean, 
Z':'*:::?:^'™'. °- !h ' S ' nven " 0n n3S a low comen! ° f a low.molecuia..we. 9 ht polymer. Acco.-d.noly when 

;; , r y e: °' lnis ,nven!,on is nci = e - ,n, ° an c ^ ™«*'< ^ as an C3 .,cai memory dISC ir^- 

'^^ zz^^u^l 9 °° d SUrt3=e Sm °° ,nnCSS> ' 0W SurJace !ack ' or 50OS mecnancal propenies and ,s 
^ ^ i^f •' anc ^ ===c:yme: o! this .nvention has a crystallm.ty, measured by X-ray c.flractometry. of 0 to 1 0% preferably 
w-e-V ^ :ia ' ly SreferS °' y ° '° 7 °'°- ^ " Van '' a9e ° ! ' he C ==° lymer havin S a cr y sial.,n„v of 10% or below ,s that 

™~ hv™" ' 3n T" Ca ma!enal SUCh 35 an Cp '" Cal memo,V dlsc or °P ,,ca! ,IDers - n °'*e °' 'be op..cai mater.ai 
~ajse_ by for example, refraction or d.Kusea reflection is reauced 

The copolymer has a Tg of 10 to 240"C. more preferably 20 to 200°C 
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The random copolymers of this invention are molded by known methods Tor example thev r*n n a , 

"r ex ;r;°: mo,de r- b,ow - mowed - or ro,at,onaiiy moided «* - r*z: ■ 

a L^scr w 7" "T 3 C ° kneader ' 3 P,S,iCa,0r - 3 miX,rUCer ' 3 c ° nical s-e^r'c : £ 

planetary screw extruder, a gear-type extruder or a screwless extruder In the mold.ng process known addit.ves i ^ 

as neat stao.hzers. „gh, stab.l.zers. ant.sta.ic agents, slip agents, attacking agents, ant.haze a^nts 
inorganic a.-.c crgan.c Liters, dyes and p.cments may oe uses as required 

Phenol* or suifur-type ant.ox.dants may be c.ed as examples of sucn add.fves. The phenolic an-.oxi-ants nr\- -c* 
icr examole. pnencis such as ZS-d.-ten-butyl-p-cresol. steary, tt^inethyW-hy^^ 

„-.y=roxy.3.5-d, le n-bu t y,pheno.,=rop l0 na,e. o.steary! IS-di-ten-buty.^ydrcivbe^ oncsona £ - 6 £, ~ 
ten-3uiyl-^hy Cr oxyo9nzyin:o)-i.3.5-triaz.ne. disiesn/i mj»h««. - — , - ' '.. ?no „." 2.-.o-tns(o.= -=,- 



ten-^ycroxycen^,, .3,-tr^e. o.stea^, 
ene 0! s(4-methyl-S-:er ! .Du. y toheno.). 4.^ m e.h y lenebis ( 2.6-di-tert-bu,v, C nenol) 2 2' ne^enebfe S m l"T " 
hexylj-cresoi^ o,s ! =.5-b ! s ! .-hy Cra x y -3. ! en.bu ! y, C hen y „bu t yri= a =,d, " Sly= o» ste % ^ 

cress!), i.i .3.tr l s.'2-methy..4.hyoroxy5-teri-butytohenyi)butene. bisr 2 -tert-butvl- "-methyl 5 n ~ Z~ ! ' ' ' 

5-me:h y ,enz y l) P nen y n terephtnatere. ^.S-tris^rnet^^ 

p.a-.atejmemane. : .3.5-,r,s ( 3.5-d,ien.but y <.,-h y crox y =enz y i) isocyanurate. t .3.5,r:s(3 S-d^^urtZC^:' 
prcc^yloxyetny.] .sccyanurate. *«|^6^^^ 

to-ten-outy-m^sc.). and poiyhvdrc phanot-carbonc ac:d ohgoesters sucn as careen* ac:d cSeL s ,o ex ™ 
hav,g a cecree of ocvmenzat.on of 2. 3 4. 5. 5. 7. =. =. ,0) o. ^.^Put^oeneb.st^e.-out.l-S-me^c^o; 

rxamp.es o. tne sutiur-type ant.ox.dant mciude oiaikyl th.oo.prop.cnates such as d.iaurvl. c.mvnstvi or'd.s'-^- 
h,cc,rop i? ra ;e . a no esters (such as pentaerythr.to, te.ralauryith.opropionate) formed between a!k yl ,L Lon c a"-^ 
sucn as outy., oc.y., laurv!- or stearylthioorop.on.c ac.d and polyhydr.c alcohols (such as g.ycerol .nrne.hySetna^e" 
.nmetriyiclprcpane. pentaerythr.tol or tris-hycroxyethyl ai.socyanurate) e.nyioiet, 

=nos=-.= rC us-con:a,n,nc compounds may also be. ncorporated. Examples .nclude tricctyl ohosph.te trilaury.-.^. 
pr,::e :r.cecy. pnosoh.te. oc:y.d.phenyi phosph.ie. tris^AcHert-butylohenyi) pnosoh.te thonenyi SP3S -n"- Z - 
:ox y e:h yl) pnoson.te. tr.sfnonylphenyl) phosph.te. b.s.eary, pentaery.hr.toi d phospn^e te. a-r- tvv - Vr 
.hy ! .5-,e«.b y ty,4. hySf0xy . pnenyl)buBne c , ?hoschlIe . letfa(C ^ ^^^^^^ 

.n.s.n.te. ,r,si.mono-c,-m,xed nonylphenyl) phosphite, hydrogena.ed 4.4'-,so P ropyl,=ene dbnero' - lv-- s -ni"« - < 

ene.,=neno..pen,aerytn.Melc.pftosph.te. b.s(2.4^.ten.b 0 «y.pheny!) P en.aery.nri, o! diohosohi'te b^^.-^A " 

4-m5:hy!p.-,9r.yl)2er,!ae.-vthri:cl d.ohosohite tn S ;4 4'.,sco-o-vi.ri f .n«h,*/" J* * , "oni.e. .er,-^... • 

.... .. ' ■ '"a:".- 's-p.Oyynaenedisu-ten-buivicneno onospm-s -henv-^t-. 

~cy: Pncspn,te. c,-n=n y ipnen y ,)pentaervthr,:ol dlphosph.te. i r.s( 1 .3-d..stearo V .o X y.soprooy ! j pncs-"» ^.-1 

cy,ren 9 = 15 ;2,en.=u:vi=heno,).c ! :non y ,phen y ,) =,=, = h, e . S.IC.d.hydro.o.oxaO^hos^ 

arc !e:ra« ! s:2.4.p- l .ter:. 5 j ! y !S nenyl).4.4-.b ! oheny! e ned i onoschpn l ie y ° <C wX ~ v 

There can a.so =e used 5-hydroxyccumarone der,va:ives such as aloha-, beta- camma- a-o c=Pa--c-n— , 
,n= m:xr,es :nere=:. a ^S-dTnethyLs^.x-non procuct. 2 .S. S ,r«,c:n yl . S00 s« rtu tea ^rccuc, I, ^7^^ 
! : S : ^: =r0 = U£! l f -(-e 1 h yl . 3 eh ! .3-en y) . 5 .h y2 r=x y c=umaron e . 2.2.7. ! r,mo:n v i.5-; S -:. = u ; v l^^i:: 

4 .. 2 ,-:m S :r,y:.,-., 9 rt. 5 u ! y|.,.nydrox y courr, 8 rone. 2.2.5.t:.r nel hvi.6..ert. 30 lvi-5-hycrox..-" ma-e 
c:rr.e:r.yi-5-;e.---ou: y !-5-n ys .-ox y coumarone ' ' V ' — an. 

•: * a:sc coss.de to r.ccrporate a compound representee by the general formula 

M . AI ,< OH 5=.. 5 v. 3: (A) ! .aK,0 

:Ses^O or I coISe^' " * " *™ *™ ^ * ^ ^ *■ V - ^ - — — . an= 
=xsmc:es c! the comscuncs c! tne above formula are 

Ms s A! : fO:-i;..co,4H 2 o 
MgjAfjpHj^CO, zH : 0. 

MgsAUiOr-r^.co^^H.c 

MS^AIjOH-jjfCC,); 4H.O. 
Mg 5 AU(OH; !5 HPC, 4H.O. 
Ca.AI 2 (OH),.CO. 4H 2 C. 
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2n 6 AI 2 (OH) 16 C0 3 4H 2 0, 
Zn^I^OHJ^SO, 4H 2 0, 
Mg 6 AI 2 (OH) 16 SO. 4H 2 0. 

Mg.AI 2 (OH) 12 C0 3 3H 2 0. 



There may also be added an antioxidant having a 2-benzofuranonp cwpIpt™ e „,K a ~ . , „ 

and 3.pheny,.4.5.di,.o Ul y,- 2 . De n 2 o. U ranone as disposed 10^^^,^.^ r^^^-"- 

non No. 501.1 31 /195C *pecincanon c, Japanese LaidOpen latent Pubiica- 



Examples of tne light stabilizers include hybroxybenzoohenonp* e„rh o k _ 
P™V0-5«h.«obenzc^ 

^ I nv,-be t a,P-. eth ox yPh en y , ) a Cr v,a te y oxa c ac d Si iT" E T" r?*"*"'^ 

as 0.s l 2 2. O .D-.e. ra me«hy|.4.p I pericJine)sebacaie. Poi y ((6.(,. 1 .3.3- 1 e«ramethy. bu , y ,) imi no)- 1 * 5^7^! 

s:ea. 7 , a ,ccn=, : ali P ,a t ,c am.es s^ aVcS^ £** «<>" an, 

pal^ic amce and s.eanc am,*: esters formed be^een ,a ? a y L£ t = Z*™^™"' 
^crcaiKvicarcoxvUc aocs me.a. salts thereoJ, and metal saJc. fluoroa.^c^s ? ^ 88 

examples of the fillers include inorganic cr orcanic fibrous fillers sucn as ~i a « fih-" " . . 

5 :ass .oers. s ,,,ess stee, fibers, aluminum f.bers, po.assiun, t.tana "SeH 

ar.z nickel-coated grapnue aluminum flakes, siatniess stee! flakes 

cn ~?!°!r. e ' ! °"?' S "T?" ** ra "«»"««* **• »«* mm 

in a IXL^rr ,0Ven!l ° n hSVe 3 9laSS Uanmon '•"*•'«■»• (T S > betow ,00-C *e y can be «seo 
as C c^ ™' °' 2 "*» 4 can J.' uslo 

Pin. to, optica, fiber co Ss p£, .T£ ^ rf ^'^r' eXIe "° r ^ °' ^ c *^9 

v.oration con,ro.„n g materiais or sounc ! ir^n^'s h ° e 7o £ ™ ™T e "™ na!,n9 
tubes for use in medical thera Py . •. ° a,e w " n s melal sur!ace ma,er,al - anc = 
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The random copolymers ol this inversion may be used as a b l*n< -., "• 
known polymers are: 1 ° as a blen J w '« ' various known polymer- Examples o; s . 

(A) Polymers derived from hydrocarbons having 1 or 2 unsa.urp.pH k „ 
Po.yole.ms. such as polye.hy.ene. polypropylene po^Zf * 

•ene-l, po.yfmemy.bu.ene-!), polyisoprene po,Z a ^ 

Copolymers of ,he monomers con S mut,ng the above poller 06 - °' P^uc.s thereof 

copolymer, propylene/bu.ene-i copolymer. propylene/JobS Zt T ° ther SUCh as e^ne/propyier 

and 5.e.nyWene. 2 .norbornene. and terpo.ymers ol elZnl b^n. ' . T ** b «*<*Pentarjier 
tamene and 5-ethylidene.2-norborne V ' bU ' ene - 1 aad dienes s "'" as nexadiene dicycl~pe 

Blends, graced Polymers, and b,ock copolymers or these polymers may a,so be cited. 

(3) Halogen-containing vinyl polymers 

(C) Polymers der.ved from aloha.beta-unsaturated carboxviir , rW . 

P°^<ate. polymethacryiate. poiyacrylamide 

Copolymers of the monomers cons.itm.ng the above exemoV e d nlT 
omers. such as ac.-yiomtrile/butadiene/styre.ne cox vl a T , P W " h Cfter "^'^nzable men 

rene/acrylate copolymer. V co ^ m ^ acrylon.tnle/styrene copolymer, anc acryloni.nie^y 

(Q) Polymers derived from unsaturated alcohol* 3m ;„. 

Polyv,ny,a.coho,. polyvinyl acetate^ Do^y^inyi's^eara^e' 17 ^T'* ^ °' ^ 
POlyallyi phthala.e and poiyally.melam.ne ' '° ^ ben2 ° a ' e ' ™««te. co^y. bu ty .- £ 

Copolymers o! the monomers constituting the above-exemnlifiP* ™, 
omers. sucn as ethylene/viny. acetate copolymer. 6Xem * M "* Powers w,ih other ccpoiy.-nenzacle rr.on- 

(=) Polymers derived from epoxides 

Polyethylene oxtde and polymer derived from bisglycidyl ether. 

(?) Poiyaceiats 

-voxymethylene. poiyoxye.hylene. and polyoxymethylene con.a,n,ng e,hy,e.,e oxide. 

■ 3; Polypheny lene oxtde 



(H) poiycarconaie 
(i) Pciysul'one 

U) Pc:y-re;hane and urea resins 



(K; Pclyamdes and copolyamides derived from d:arrvnes and d-~™ ■ 

•ne corresponding lactams ^ °- ar =>°xy"c aces and/or ammocarooxyhc ac.ds or 

Nylon 6, nylon 65. nylon n . and nylon 1 2 



= oiyamice-poiyethers 



(M? Polyesters oerived from dicarboxylic acids and d.Pi-nh^ . 

,acIon « V ^ d ' aLono,s ^ hyeroxycarboxyle aces or the corresponds 

Polyethylene terephthaiate. pofybutylene tere-Vh a . a ,« 

V uty.ene tere^n.halaie ana poly(i,4.d.methylolcyclohexane tereohthalate) 
(N) Crosslinks? polymers derived from aldehyaes and nh^nnic 

Phenol/formaldehyde resin, urea/formaldehyd^ °' 

enyae resin, and melamine/formaldehyde resin 



(O) Alkyd resins 

Giycenn/phthalic acid resin 
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(P) Unsaturated polyester resins derived from copolyesters Q f . 
Polyh y dr,ca,cono, SU s,n 9 v,n y , compos 

9 agen,s ' and halogen^ontaming mod„ied r es ,ns the' 

(Q) Natural polymers 

Cellulose, rubber and protein, or derivatives iheron . 
acetate ana cellulose e(her ere °'- Sucn 25 ce,,uto se acetate, cellulose propionate, cellu: 

When tne copolymers of this inven:, 0 n are used =s svnth et , 
known waxes ~ s waxes, they may. of course, be m,xed wrh va-r 

i he random ccoolymerso:th,s invention may be used as a hio-H . 

Tne random cooolymer of th.s invention may be moan* A S3Ch °' ner 

cons,s.,ng of (a) alpha, beta-unsa.ura.ed carboxylf aad t jJt S 3 mCnomer sele:! e= from the c- 

ccmpounds having an olefin.c unsaturated bond and a hydrolvSll der ' Vai,ves ' < b > (=, organ,: s-l',- 

mod,f,ed random copolymer obtained has tne same exceJ n ^ cn ! rt Sr ° Up ' and (d) epoxy compound - 

a*o espeoally gooc adhesion to metals and synthe ic ^ an " ^ tMm « -enfc ^ 

tne grafting monomer ,n the modified ranaom cooolymeTo 1 c =T mh °*"< Wins. The amour" 

per 100 pans by we,gh, of the ranoom cooo.ymer o^e Iven, »r ^ ° V ° = <° =5% by we-' 

"*"? e V ' SC5S ' :< / ''"I * 0.03 to 20 c,/g. preferably 0 05* " " ' ^ random ^poiymer usua.lj h as % 

examples ci the grafting monomer are' 

^^^^Z^Te^T^T ^ ,nC,U ° e UnS — aoos 
rahycrophthalicac.d. rnethyltetrahydrophthal.cac-d * 2 sT™ itaCOn ' C ^ a =* - 

«»). and ^endocis-bicyclo^.S.^neoto-en^ 

amces trntdes. anhyc:,des ana esters. a^vJzZSSZZZ"" acid®;, and tne,r hai,o« 

annydriae. crtraccnic anhycr.ae. monomethy. maleate and a~ « m ^ VeSarema ' enylcnlorid ^ -aie.m.de. ma^' 
aCi °l ° f !he,r anri ^noes are preferred V.aleic a f " °' ,he -Crated acaroo, : 

samples of the styrenes (b) are comoounds reo^ ^T ** "P*** ^ferred 

. coc.i.tiw l( ne .c. lowing formula 




=xampies o! ;.-e c.-ganic silicon comcoun- navn . _ n ^ lor 
— o,r.= s representee by t,e fo.iow.ng formula * '"'^ Unsa!t " ai « i *™ and a hycroiyzabie group are 



s~=; 2 ~s;yV 



wnere.n R- and R2« are .dent.ca. or afferent anc ea-h 

nydrogen arc optionally oxygen and havncanoie^,^^ ' 2 R,0f,ova,en! S*«» comocsed cf caroc- 
an= each represents a hyorolyzaole gr 0U p" ' ' ' L " SoiUraie = ^ and* are .08.-::caicrHff e re-- 

==moounos of the loiiowmg formula 

wher e: n , s as oe f:ned. and Y\ yz and ys are .dentica' an- - - 

an. comsour.es of the following formula u :,erM: an= ea:n r «''esents a nycrciyzabie orouo. 



wnere.n R*.- yi an£ y2 afe as f 

bend <s-ave. anw x reoresents an oroanic ^ r 



group Iree from an oleSmc unsaturatec 



. lwn il/ fi 2U(Cri?}; . Q f , hese hycrocaf _ 
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bon groups having a terminal olefinically unsaiuratPrt « " " " ' ' 

C,a,h r e ' e ; reCl 6SterS " 6reCf « vinyl gr0UD ts 

Examples of Y 1 Y* and Y^ are alko esoe " 

such as formy.oxy. 'ace.oxy and propi^oT^i^"!'^ ^ buI °*V and methoxye.hoxy acv ,oxv = 

(C 6 H S ) 2 . and substituted amino groups and arvlaminn ^ P " Ch 33 - ON = C fCH 3 ) 2 . ON =C HCH - h ' UpS 

Examp.es o, X in , he abovelJula nc.uX " y ^ S " Ch 7 ^ « = 

u.a./tnose^^ 

The unsaturated epoxy monomers (d ) are p,.,.^ „ ^ Wy,ph - 



0 0 

25 n y \ 

^ 5 -C-0-CH 2 -C^H 2 



where.n R2S represents a hydrocarbon group 

na-nc a polymerizable ethylenicaBy unsaturated bond. 

-salted clycicyl etners represented by ,he genera, (o ,m,: £ 

,0 

D 25 „ „ / \ 
-Z-CH 2 -CH— CH 2 

herein R * 1S as defined above, and 2 represents a *vaie,t w c( !h . 

S-0L2 cf the formula -CH 2 -C- c 



-<0>o-, 



and e=oxyal«nes represented by he general formula 




wnereir =25 , s as defined, and R36 Presents a 

b ,::V,: I ^ene-,rcarbo Xy ,ates. mono- ^ metnaC * ,a,e ' «"»- and d.-gtycdv. ..acona-e 

')-"ept-s-ene-2.3-carboxyla-es rro-o =nw~ r ' V y: Cl!rac = n a:es. mono-ar.d d--y— " 

^^-S-- testers an«- 

-any ases 30 9 o 2 S n C S, r°; ,emPera,Ure - * a DyiTM^S , ^ ,h,m * r • d « n ^^L 

-any cases 3^o 2 oo- C ^ m ° di ' iea C ° P °^ e ' W^fZi"**" (DMA) - °' 20 10 25C - « 

30.0200 C. Thesot.en.ngtermpera.ure ,sdef.nedas the,^ en ' n9 ,em P e '"""e of 20 to 233'C 

' enperalure a ' a quartz needle (d.ane.er 
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When the rancom copolymer of this mve.n-.on ,s cm «rm, - ■ ^ 
as electron .earns or radioactive rays. „s hea, r.,^«S^r UrW ° W Wd "°^^ii C h,,uc 
propen.es can be funher improved ' Chem ' cal fes 's:ance. solvent resistance and meSanlc- 

Tneprc=en ie sc; the cycloolefin random copolymers C-ainoH- ,k ■ = 
the following method V 5 c "' ain ed .n this invention were measured in accorcar-a vr - 



!1) CoDGlymer composition (mole%) 



On the basis o! the cycloolefm unit content of the ran,*, 
cahbratton curve is prepared between the cycloole in unTcnn ?" ^ (200 - 

based en me cycioolefin um determined by" ,. " ^ 2™^T ^ °' «« Cf an =an- 
nfrares absorption spectrum 0( the randcJce S oiyme?.^e«S ' h * iSh ' °' tne """P'™ »** o Mr I 

; ne ethylene on,; center, of -ne ranccm cooclymeTfs c\?~ t Z * * CyC,C0,e,,n un " «••« ,s cafcuC" 

; -; e '•■n'ts. ' 7 6 ' S Cci - ,ated ^ subtracting the cycloolefin unit cento-"!: 

«'2) Intrinsic viscosity [r,l 



P, 1eSS ' jrec £! ;25 ' c usin S a Ubbelohce viscometer 
• -) Glass transition temperature (Tg> 

Measured by a Dynamic Mechanical Analv2er • 
(-) Crystaiiinity Analy2er (DM ~- t>V I. du Pont fie Nemours & Co ) 

Determined by X-ray diffractometry 
!=) Volatile component (VW) 

A wa.gr.1 charge was measured under tne conations ol s«n.~ • , 
fc ' u _ 0n!sn; of !ne reacted cycloolefm ° w ' 1 ,orr snc ' how. 

Tne poiymer was dissolved in cyefchexane • -h« 
?_as ( =hrcma:=gra 2 ny ' ~ m *~ ' ne a ™-< of the unreacted cycloolefin was measure- - 

i - ) Molecular weigh: distribution 



The molecular weight tfistr.but.onfWw/MnJ.sdeterm.npn.n.K , , 
ceoure essences a: pages cf . Gei p ot !,?£ * ™ ° ^ R,anne ' ln accordance w,,, ft . ~. 

=>' M a-'«6r. Co.. Ltd.. Tokyo " " a-ograpny by Takeuch,. puplishec on May 20."lS75 

nosing stancarc polystyrene of a Known molecuiar-we-h- fncnr, 

""*» ~ t= ■ Ja ?an). 'he molecular weight IW the ' S " ersec P°V«ywnt. a product of Tcyo S-= 

L ==.-a P n y) count are measured. A calibrator Ze ^X^ "* * GPC £££ 

^^SL** P0, ^ f a! ^ *~ » set a: 0.02%^^ ^ ^ £V « eiute is ora,, 

- . — t.w. . wn.^rr.dOgrarr: of tne samoie is taken ^thorDr 

Y G?C meSSUr, "3 ^«hod. and the number avera zs 
- 0 . ........ ,-_ jeni:hewe;5h:aver£se _ s:ij!ar 

_ t m;n > crec2t -U'e'ecrorccooiv^or 

■ ; eve. s.nc ;ne vafue (Mw/Mn) is cesermmec ' 

- onions. .... , ne ccndlll0ns fQr Qpc ^ 
i<=) ■ sa.^cie is taken into an Erienmey*- fiask »- 0 . n . 

J' rienr ^ er containing Ire sam^'is t 0 '^" 06 S ° " "° 8 C 02 * sc.ut.c, 

^.s-wwen.-butyl.p.cresol as an ant.oxioant, ° by wei 3 h; - = ased on the polymer solution 0 f 

(=/ ' ne srlenrneyer is heated to uo*C and the e—o-. = 

an;,=x.=an:. C -" e "- s «™ 'or about 30 minutes to cssolve the poiyne^ 

a.e is suo,e.ted to gel permeation chromatography 
a?nc.ti 0r , s ; nf oe , 0ermga , Of . chfomatn>tfanh „ 

(a) Device. Mode, 150C. made by Waters Company 
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S Sr? : I SK - GMH6 fmix ^ ™de by Toyo Soda Mfg. C n L „ 

(c) Amount of the sample: 500 uj 

(d) Temperature: 140°C 
fe) Flow rate; 1 ml/mm. 

(f) Total theoretical stages of the column; 

i x 1 0 4 to c x 1 0* (measured wiin acetone) 

The loliow.ng Examples funner illustrate the present invent.cn. 

EXAMPLE ; 

Ethylene and 1.4.5 S-dimethpnn-i o - - 

were ccpo.ymenze, ,n a ie! £ m rSvZ^TT™"" ^ ' ' ^ ~ ^.V 

The po,ymer,za,,on reactor J. cont.nuo^a^a^ "5 ^=es. 

ler/hour so as :o prcv.oe a DMON concentrate d%n ! 1 !/I . 3 c y cionexan e soluicn cJ DMON at a rate r 



=r=v:~e an a.um.num concentrate of 5 6 rr.rr.sios, . „ ^ "1 88 8 eM *« at 2 <** °' 0 * *ers*cur so as 
m tne mean-,,™, .he polymer.2at.cn m.x.ure ir. t.n'e ooiy^e'rVa^ -^n" 1 '' 0 " fe8C:0r - ^ 0 5 **** ° : =y='one* £ .n 5 
? - ^menzanon reactor so tnat tne amour,. of S^aS^Z """"^ — 
rur ' nefmore - SO «.ers/hr of etny.ene. SO t.ters/hr of n,,™a J) 2 iSi h a ' WayS kS31 a; 1 li!s ' 

oclymer.zat.cn reac:c:. The c=po,ymer,zaf,cn was came ""a iC'cT hyCr096n W6fe '-' om ! " = ; »» 
fmec !c .he ex.er.or pcrt.cn of me reactor As a res," cMW~~ * C!rCUia5, - ns 3 C00,! "S ™='^ **> a .acket 
poiymerizat.cn reac.cn m,x,ure conta,n,n 5 n e et " ' e %^ ^ ""T ^ "» *» ve a 

ane and .scorcoanol ( 1: 1 , was actped .0 .he poiyme" som™ 

.0 stop .he ooiymerizatton reactor Thereat: a a^e^s ^ - -T T 30UOm ° ! ,he ^er*a,c.n reactc- 
nyccchtonc ac.c an, the coiymer so.ot.an wer^ ™ ^ ^ P °f ^ 1 lile -'wa.erahc5rr,o:c = ,=e, : ra:e = 
transfer tne catalyst restcue .0 the aoueous layer The m.rure las W l' 1 ' " S ' r0nS SS,fr:n S =>' £ "c^xe: :p 
' he rssioue «« ^ «wice w.th cstillec water tc pu^a 0 s t ar ^ ™ !a ^ r * ss 

was contacted w.t.n 3 „mes .ts amount of acetone w.th Vl™?£ £? m ™ $0iUtioa 7he = ci V™ sciut.o- 
an= tuny wa,neo w,h acetone. Thereafter, tne res.tt.nc sSp'o" ^ wa^T ^ WS$ ~>' 
: .r .nc = reacts ., £ ^ C for 2 hours The s=„c Po.cn was »eZZ™£^TT " 8 CCnCSn!f8::5n oi ^ 
1 -v'v. an- 25C rr.mHp for 2- hours -='.e_._c ,il,r c; ,^. an= =ne= .n a stream of ni.rccer 



- "•■o-ywecnrcf volatile ccmonents and 0 :3%b-< WG nh-- c d '--(' s /w. ,^ w . , ne ccoo.yme: c=n;a:n £ 



Examoie 1 was reoeatec except :ha: tne cc D o!vm»n-a' — — n-^nc 
of tne resu:;.r.g ccco:ymer S are snown ;n Tao.e 3.' " ^2were,sec Tnecrooen.es 
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EXAMPLE 15 



y ^ (C) cf Iable 1 w ere copolymers con- 
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Specifically, the reactor was charged at its too with n o L * 
an M-DMON concentration , the reactor o, 60 £L f ^ * » as - 

so as ,o prov.de a vanad.um concentration in ^e^T^nZ^^T t as - -ai ys : 

alum.num sesauchiorice as a ca.alys; so as to prov.de an aluZ^n ^ °' 3 l °' uene soluti ° n °' ^r. y : 

me rn.ant.me. ,he oolymer solution was continuous. Z, ,h ""^ reaCIOr °' 2 •™°.es".«er £ 
ine polymer solution ,n the reactor was ma.nta.ned always 'a i L p 1 00!ICrT, °' Ihe feac,0r 50 ,ha < amount c: 
nr ol nitrogen were led from the top of the reactor The -Ll™«, J ^ 35 ,iiefS/hr °' eth * sne an * SO ^ 
a cooling mec.um tnrougn a jacket fitted to ine cuts.de of ^l^T?"*™ W3S Cafrie ° out a! 10 ° c 5 V circular..-* 
cnoer the aforesaid conditions, a polymenzat.on reaction rn.rure ™- 8 reSU " °' pertorrrnn * !he copolyrnenzat.~. 
was oota,ned. A small amount of metnanoi was a*ded -o Z ta!r " ns an ethyiene/M-OWON random ccsolyrn- 
.= stop the ccpc.ymer.zation react.cn. The T*""" ^ « 

orecpnate the resuit.r.g copolymer. The ccoolvmer was fully w- s £T ' 3 lar9e amoun! of acetone/methane; :c 
for one cay a; arc 3 y the above operas, the e^! £^^ 3m *« dried reduces oressu-e 
f-suf V ranccr71 "Polymer was ccta.nea a; a rate of 5: c 

Tne copolymer was found to have sr. ethylene center a- - 
measure; ,-. decalin a: 12S'C. cf 0.92. a.-, cdn- n-rrr-- - "S* '° ' 06 c=?0, ^ er "ac an .ntrrnsic v.scos.iv 
C%. and a transparency, determ.r.ec bv a haze mete^ on ~\ IC."^ ^ = e!srmined b V X-ray clffractcmet.-v z> 
of 3 i% • ,, ' e,e - on c ' mrr snee; sample n accordance with astm D icqs'--: 

_ Tne s i ass trans-t.cn temperature Tc of the copolymer, oeterm.n-n ., e , 

= wni " vv£s ™^rec at a temoerature eleva-on ra<e C S'C/^'V '^pe.-ature of tne less mccu.us 

Us me,!,nc pent Tm was measured within a temperature 'ran- ,L* mecnan,28i anal V"-' was 127- 

temperature elevat.on rate of ^Om.n, Mo melt^rere^^oos^ef * ^ ^ ^ 930 * a 

EXAMPLES 16-2^ AND COMPARATIVE EXAMPLE f 

=xa.mc; e "5 was repeated exceo; that the cc-oivne-y-,,-., - 
—es of the ;es,,n 5 coolers are ^^Zf^^S? «T in *«•• « a - = were useo -,, 

vas usee as :ne poiyrnefizancn solvent -^-..Die ^. e i; , ntxiure cf toiuene arc cycicnexar.e 
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EXAMPLE 25 



lamp, anc tne neaiing v.^s 



UAH, (12 SGO m„ an, a xytene so.t.cn^um^ercS ia ^ " 

over a period of 4 hours Iron separate lines mio the rea-or " cS C ~ ? ' {0 " ^ 30 m| ) were led gradua.:. 

Since MAH nad low so. U b,.ty in xylene, it was dissolved by heat.rc win a- r« 
continue- until us feeding was terminated " 

Alter :.-.e feecng. tne reacts was continued for 2 hours, and afte- the - e2 - c ~ 
:o room temperature Tne reaction solution was -ui tt * '' ' rea = :i °" solution was coc:=: 

resu,;:ng crafted ethyiene/DMOK copolymer was filled ^Z^TZZ-'T* * PfeCi?te!e P-W T-a 
pressure a: SOX tor 1 cay to give tne desired MAH-crafted *>- v *^vX~r~'\ "* ** C Unfier re " =5: 
measure; =y oxygen ana.ys.s of tne modified copolymer was' 1 ' by w'-- tT 6 T"' ' ■ m0UBI °' M ™ S f8ft *= 
viscosity, measured in cecalin at 135'C. cf 0.S5 dire a censry i*^--- = haS an ir:rins : 

5'C~ J . a =:=ss transmcr. temperature (Tg: of t4 5 »5 ' * r ««e w.th ASTM 0 "505. of i.C2: 

= XAM?L=S25&27 



=xa~c:e 25 was reoea-ec excec; that 5C c of o a . 

«e= msteac c; :ns etnyleneD.VCN ra.nccm cwoiyrnVa^" -nl"- =^v"ers nd:=steS m T a p; s 5 was 
.-esu:ts are snewn ,n Table 7 » ,e "'"3 "--'t'ons were cr.ar.ged as ,n Table 6 



' ~ "~ J 

zx&rr.z\a | - t ar.zzr\ ccpoymer 
i 
i 


Gra!::nc CC^c:::cn5 


MAH ta/30 rri; 2C? (c/30mi^. 




'2 j 0.27 


2? 3 


12 | 027 


m. uo:ainec ;n zxa.r.oie 1 , — " ■ 

3: cc'ainec ;n Exam-ie - and 



taz\e 

ponies cf :he modinec csooiyme: 



i c? VAn c:a?:ec 



°i j | Tg (by DMA 



neincc; Dens::v (ccrr^ 



022 



zxa ~ z '^ 2= was *acea:e3 exess; :r.a: :~e :ar,zo~. — -.-™ p , 
cr.a, 3 e= as snown Tacio E The resells are snc^^z ff?0aemer ano tne ™«aio: were 
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Table 5 (continued) 



■ ~ \ mi i ucU J 



A: Obtained in Example 
D: obtained in Example 2. and 
E. obtained in Example 3 
a. vinyl-tri-ethcxy silane 
fc: styrene - 
C: giycidyl methacrylate 



able 9 




Claims 



'. random copolymer which is transparent and is cnaractei 



■izec in that 



:A; tr.e ccooiymer comonses polymerized uni's of Pts.,i 0 ^ ~„ ■ . 

'e=reser,e= py ;*e foilo,,n= fornuia (!) ' = ?ol ^ er:2e = «"«» <* « 'ess: one cvcloo.e:; 




— (I) 



wr. ere tr- 



end 



■ a.o... or a nycrocarbon group Raving : t 



;^ r T:!:^! erenI and «~ ' presents a hvorogen atom 

are identical or different 
3 ; C carrjon atoms 



10 carbon atoms, and R 9 and R<c ; 



• e^.esents a nvcrccen atom a ha'c-o- 

.' " ^'^s-' a — ■ c ' c nyorocaroon crouc havi 

are ocncec to each o^e r :^ W — , , b ~ ,dVI 

^Mw..o...e. i^.ofM.e G.CL-pcf tne following formula 




'■' = '- a:s ,csn! - 2; - = lf; eren; and ea= - reoresems a h.-.~o, - — a _ =l 
'v---:s:=o.-: ? .-o-.-p having i to -,o ca-ocn a;cms, and f is a- n-»-»- -7'^"." °" ■' a '=S sn 5a« or a 
1 =' ; ne ^ole we o; tne oolvmeraes cvciooWm , . n ,. s " "* ° anc n ,s a ?os,;,ve ™W <>'■ i »o 3 
(C; :ne =, eacn cy=,oolef,n of formula (I) ^Z^^T*"^ Un " S * !f0m 3 97 10 50 

=y :-e following formula (II) ' S ' 6u ,Jle c " s,n as polymerized un.ts represented 
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— (ID 



wherein a!! symbols are as defined above. 

(D) the copolymer has an intrinsic viscosity \r\]. measured in decalin a: 135'C of C 0' tc 20 "'/>■ 

(E) ihe copolymer has a molecular weight Distribution (Mw/Mn). measured by gel permeation cVc-ata-P- 
o: not more tnan 4. ••<-... oio^.e-.. 

(?) the copolymer nas a crystallinity. measured by X-ray diffractometrv. of C to 10% and 

(G) tne copolymer has a glass transition temperature (Tg) of 10 tc 2*0'C as measured by a Dyna-c ,Ve— 

ica! Analyzer. ' ' 

2. A random copolymer according tc claim 1 wherein the mole ratio (3) of the polymerized cycioolefin units t- <- 
polymerized etnylene units is from 5:95 to 50:50. ' 

3. A random copolymer according to ciaim i or 2 which has a glass transition temperature (Tg) c: 20 tc 200" Z 

4. A process for producing a random copolymer as defined in any one o! tne preceding claims w-,;--. -—ess 

prises continuously copolymerizmg ethylene with the or each cycioolefin represented by formula tn - =^. 0 -"-. 
con meo.um in the presence of a catalyst formed from a vanadium compound soluble in tn« h.,~~ 3 ~-.- 

and an organo.alum.num compound while maintaining the atomic ratio of aiuminum atoms tc van's- ~~ aic-« ■ 
tne reaction system. A1.V. at 2 or more:l. " "' 

3. A prccess according to claim a wherein the soluble vanadium compound is acS-d to the r«-~* s -r». 

concentration no: more man "0 times its existing concentration ,n tne reaction system ,r. oroer to ,T=;n;a'r,''- = 

atomic ratio Ai :V at 2 or more: : . " ' 



m process for preoarmg a modified random copolymer, which process comprises craving on tc a -a- ~c~ ovm- 
as cef.nec ,n any one of ei a , ms 1 to C.i to 50 nans by weignt of a monomer selected from (a > a ~n» ''^ 
' Jnsal ' jrats = C2r=cx y ,iC ac,ds ani ' or lne '< ^ivat.ves (b) styrenes. (ci organic srliccn comocuncs -avT-Vote'- 
;Ca,,y ursa:u ™«= DCnd anc 2 -V^olyzaole group, anc (d) unsaturateo eooxy monomers per :~ — 
cf tne sa:o rar.zzrr. cccoivmer. ' " *" - ~ r ' 



7. Voided armies orecarec from a ranocm copolymer as defined in anv one of claims : to - c- f p - 0 -'- 

ranoom copolymer prepared by a process as claimed in claim 6. " 

S. A mocifiec rancom coooiymer which is oota.nable by a process as cefmeo in cla.m 5. 
Patentanspruche 



1. Em statistiscnes Copolymer, das transparent ist und cadurcn gekennzeicnne; is:. ca<3 

(A) oas Coco:ymer oclymeris.ene Einneisen von Ethyien ,nd oolyme::s-ene Enhe.ten.vcn wemcsiers o ir .»* 
^yc.ociefm umfafj;. das durch die foigenoe Formei (l) cargesteitt is: 



24 



EP 0 203 799 B1 




(I) 



R" n 

wonr. ri. R2. R3. R 4 , RS. R«. R? unci RS gleich Oder verschiecen vonemancer sine und ieweils e:n Wasse 
s;o„a:om. Haiogenatom ocer eine Kohlenvvasserstorigruppe nit 1 bis 1 0 Kehlenstoftatome.n ca-s'°l!< or- = 
lt- r-.' gie.cn ocer verscr.ieden veneinancer s,r,c una ieweils ein Wasserstcftaton ein Haiog-naton e- 
eme Kcnienwasserstorfgruppe nit 1 bis 10 KohienstoSatomen carstellen ocer R« und ric m «e.nancT v"e" 
Dur.csn sine, urn eme Gruppe der fclgenden Forme! 



zu biiden. worin R". U nd R« gieich Oder verschieden voneinancer sine und jeweils e.n Wassersicrfatorr, e - 
haiogenatom Oder eine Kohlenwasserstoffgrupoe nit 1 b.s TO Kohlensiotfatonen carsieilen unc • eme car.z 
2ar:, ven 3 bis a is! und n einen positive gar.ze Zar.i ven 1 bis 3 is;; 

IP' sss der POiynensierten Cycioolefinemneite.-i zu cer. ssivnerisienen Einvieneir.nene.n vc- 

- c:s 50:^0 oeirag;: 

!C:- =as ocer jedes Cycloolefir. car Forme! (i) r. c:e =oiynerket!e ais soiy.-nerisiene E:.-.n S ::er. e:ncebr=- 
smd. weiche durcn cie foigende Formel (II) eargestel!: sine ~~ 




— (II) 



wcr:- a!:e Symbols die ooen angegebene 3edei;:'jnc oesr.ze.-. 

Pi cas Cccoiyner eme in Deeakn oei : 35'C genessene mnns.che Viskos.ta: ( n) ven emscni.eUhcn 0 0' 
el'g bescz; ' " 

':• =" Cc3o; ^ er c-jrch Gelcermeatio-scnrcmatccrs-nie gemessene Vo;e*uiar~e w ,cn:svene:iun- 

;..-.w/^r.) vcr. n:cn: menr ais 4 besitz:. 

( r ) ces Copolymer eme curch Rc>.:oer.beuc'jn = oerr.essene Krisiallmca: von einsonheSlicn C bis 10% b*s"z- 



fG; das Copolymer eme mi; einem dynamiscner. mechanischen Anaiysaior oemessene GlasuDercancst^-.- 
oeratu: (Tc) ven "C bis 240°C besitz;. 

Stai.s::scnes Copolymer nach Anspruch 1, wobei das Molverhalwis (3) cer polvmerisierter. Cycioolef.neinheiien 

Zu can poiymensierien Eihyleneinheiten zwiscnen einscnlieflich 5,95 bis 50 50 liec: 

Statisitsones Copolymer naoh Anspruch 1 oaer 2. das e.ne Glasubergangsiemperatur (Tg) von 20 ois 200>C aui- 
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weist. 



4. E ,n Veriahren zur Hersiellung eines wie in jederr. der vorhergehenden Ansoruche definierten statis'ischen r m 
lymeres. wobe, das Veriahren das kon„nuier„che Copolymensieren von E.hylen mi, 

umfaO:. das durch d.e Forme, (I, daroes.el.t ist. ,n e.nem Kohlenwassersro/medium in Geger^a l ines Z a ' 
sa !0 rs. cer aus e.ner in dem Konlenwassersioflmed.um Icsiichen Vanad,umverb,ndung und emer O gano-l! rn " 
n^ndung cee.ide; ,s,. wahrenddessen das Atcmvernal.n.s von Alum.n.umatomen 2U Van LmSomen Z 
m dem r-.eakticnssysiern Dei 2 cder mehr:i genalien wird ' 

5. Veriahren nacn Anspruch c. worm die loshche Vanao1 U nvsr 01 ntiun S derr. neaktionssystem in einer Konz^ra-.c- 
von n,cr, : meh: a.s dem JOfachen se.ner vornancener. Kcn 29 ntra::on in dem Reakticnssystem zuoe- eb'e- v-- 
-.-n das Aiomvemalinis AI:V be, 2 ocer mehr:i zu nal;en. zuge s eoe.. v.... 

6. Verier, 2U m Hers;eiien e.nes nodifi 2 «rten stat.suschen Ccpciymeres. wobei cas Veriahren das A-<i Sit ^ e - 
au. e,n w,e r. .edem cer Ansoruche 1 b,s 4 defin.enes sia.isasches Copolymer von 0.1 bis 50 Gewicnts^e e* e < 
Myomeres ore 100 Gew,cr.,s ! e,le des stansnschen Copcymeres ,m(aP/.. das aus (a) a. fJ-un S esaU,cien ^ 
sauren unc/ocer ceren Denver, (b> Stvroien. (c , orcan.scnen SiHccnverbindungen ni, Lei ^.efin.scn ,4esa;- 
,i5ien 3;r '=' Jr ' 3 una e,ner ^^fe-eroaren Gruppe unc (d) ungesaa,gter, Epoximonomeren ausgewahi: ,st. " 

7. Gelorrr.te Gegenssar.de. hergeste!!: aus e.nerr. w,e r. jedem der Ansprucne 1 bis * defimerten sta: 1S ;,s=nen 
sl« Co C ==:yme. e ' nern ^ ^ A " SpfUCh 5 ^nsprucb.es Veriahren herges.elttes mod:fi 2 ier,es sialisii- 

6. mcdif !2!8 nes. sausocntt Copolymer, das durcn e,n wie in Anspruch 5 defin.enes Veriahren er.-.altlicn is:. 



Revendications 



Cocolymere s:a:is>icue transparent caractense en ce cue 

(A) ie cccclynere compcrie des motifs ocymenses aer.ves d'etr.ylene et ces motifs coivmer !5 *s curves -'a- 
mc:r.s u.ne cyclooierine representee par ;a fcrmuie su.vame m ' " " " 



(I) 



cans iscueiie P.\ R 2 F. 3 . F.=. = s . R< 




_ . eI '=erv.:c'jes ou cifterents. representee cnacun ur. atome c"hv- 
! ICrne c ™°3 6ne 0Lj ^ Srcwe nycr==arDcne ccmportan: de 1 a 1 0 atomes ce caroone. e: F* 
! c : • ^ enj - jeS ° ,JC; ' ,eren!S "me d'hyorcgene. ur, atome d'haiocene ou un ex- - 
„e ..y-rccar=cne corncob: ce i a V0 a:omes ce carccne. ou F> el R lC son: hes !'un a TaL::* - ^ i c ^„ 
-r. grejee ce icrmjje 




cans laquelle R' 1 e: n 12 , .centoues cu d:«eren:s. reoresentent cnacun un atome d'hydroaene un atome 
-naiogene ou un groupe hycrocarocne ccmconant ce i a 10 atomes ce caroone, et 1 est " 
ecal a o ou 4, e: n est un nombre entier positif comons entre 1 e; 3- 
(3) le rappen molaire des mot its polymerises derives dune cvcloolefine « 



un nombre entier 



; aux motifs polymerises derives d'etriy- 
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lene est compris entre 3/97 et 60/40; 

(C) la cycloolefine ou chaque cycloolefine de formule (I) est incorpo-cc d£nc la chci.ne du polymera so js form* 
de motifs polymerises represents par la formule suivante (II) 



(ID 




n 



cans lacueile ious les symboles sont definis ci<Jessus: 

(D) le ccpciymere a une viscosite intrinsecue [r\], mesuree cans la Decaiine® a 135 °C comprise entre 0 
et 20 dl/g; 

(E) le copolymere a un indice de polydispersite (MJM n ). mesure par chromatographie par oermeation de ce: 
ne depassar.t pas 4; 

(F) le copolymere a un taux de cristallinite. mesure par diffraction de rayons X, compris entre 0 et 10 %; 

(G) le copolymere a une temperature de transition vitreuse. determinee avec un appareil d'anaiyse mecanico- 
cynamique, comprise entre 10 et 240 °C. 

Copolymere statistique conforme a la revendication 1 dans lequel le rapport molaire (3) des motifs colymenses 
derives c'une cycloolefine aux motifs polymerises derives c'etnylene est compris entre 5/95 et 50/50 

Copolymere statistique conforme a ia revendication i ou 2 ayan; une temperature de transition vitreuse (T ) com- 
prise entre 20 e; 200 °C. v ' 

Precede oe precaution d'un copolymere statistique conforme a une queiconcue des revencications ^ececer.:es. 
lequel proceoe ccmprend la ccpolymensation en ceminu d'etnyiene el de la ou ce chaque cycloolefine' eore^senTee 
par la formule (!). dans un milieu hycrocarbone en presence d'un catalyseur forme a oartir d'un ccmcose ce vV- 
nadium soluble cans le milieu hydrocarbone et d'un compose crgano-aluminicue. avec maintient cu'rapcort ces 
atomes c'alumlnium aux atomes de vanadium A!/V cans le svsteme reacttonnel a une valeur suoerieure ou e~-e 
a a-v 

Przceze conforme a ia revendication 4 dans lequel on ajoute au systeme reacnonnel le comocse ce vanac;um 
soluble en une concentration n'excedant pas 10 fois sa concentration ex;s;ar,: dans ie systeme reactscnnei af:r. 
ce maimenir un rapport atomique AIA/ superieur ou egal a 2/V 

Precede ce precaution d'un cooolymere statistique modifie. lequel precede comorenc le creffaae ce 0,1 a 50 
parties en ooics. par rapport a 100 parties en poids dudit copolymere statistioue. d'un monomere choisi parmi (a) 
les adces carbcxyiicues a.p-insatures et/ou leurs cenves. f b) les styrenes. (c) ies composes orcanicues cu silicium 
comccrtant une liaison a insaiuration ethylenique et un groupe hydrolysaole. e: (d) des monomeres msatures a 
tonction epoxyce. sur un copolymere statistique defmi par une cuelconcue des revencications 1 a 4. 

Articles moules prepares a partir d'un copolymere statisticue conforme a une cuelconcue des revencications t a 
4 cu a partir c'ur copolymere statistique modifie prepare seion un precede conforme a la revenc.cat.on £. 

Copciymere statistique modifie pouvant etre cbienu selon un orocede conforme a la revenccaiior. 5 
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